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Introduction
2,2'-Bipyridine (bipy) is a well known organic ligand which forms particularly stable complexes with transition metal cations. Among the bipy-metal complexes, bipy-Cu complexes have attracted notable attention. In this year alone more than 10 papers on the complexes containing copper cation chelated by bipy or its conjugates have already appeared [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . On the other hand, copper complexes with organic compounds containing two (or more) bipy units are not so numerous. The simplest compounds containing two bipy units,quarterpyridine and its copper complexes, were studied in details [12] [13] [14] [15] [16] . There are a few other examples of copper complexes with compounds containing two (or more) bipy units [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Recently we have synthesized organic ligand which contains two bipy units namely 3,5-bis(2,2-bipyridin-4-ylethynyl)benzoic acid -compound 1 [27] . Upon its preparation, its esters (methyl-2 or ethyl -3) were also obtained (Scheme 1).
Structure of 1-3 does not allow a coordination of one metal cation by two bipy units originating from one ligand 1-3. Obviously, metal cation coordinated by bipy unit from one ligand can be also coordinated by bipy unit from another ligand or by the counter ion. Thus, theoretically a number of copper complexes can be expected for 1-3. In this work we used electrospray ionization mass spectrometry (ESI-MS) to identify what kinds of copper complexes, i.e., ligands 1-3 are able to form. As a source of copper cations we used CuCl 2 . It is well known that ESI-MS is a very good tool allowing detection of
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Copper complexes formed by 3,5-bis(2,2'-bipyridin-4-ylethynyl)benzoic acid and its methyl and ethyl esters as studied by electrospray ionization mass spectrometry metal-organic ligand complexes [28] [29] [30] [31] [32] [33] [34] . It is generally accepted, that ESI mass spectra of solutions containing metal complexes with organic ligands, at least from the qualitative point of view, well reflect the species present in solution [35] [36] [37] .
Experimental procedure
ESI mass spectra were obtained on a Waters/Micromass (Manchester, UK) ZQ2000 mass spectrometer (single quadrupole type instrument, Z-spray, software MassLynx V3.5). The sample solutions were infused into the ESI source using a syringe pump, the flow rate was 80 mL min -1 . The ESI source potentials were capillary 3 kV, lens 0.5 kV, extractor 4 V and cone voltage (CV) 10-50 V. Cone voltage has the most profound effect on the mass spectra obtained. Increase in this parameter led to the so called "in-source" fragmentation/dissociation but a too low cone voltage could cause a decrease in sensitivity. The source temperature was 120 o C and the desolvation temperature was 300 o C. Nitrogen was used as the nebulising and desolvating gas at the flow-rate of 100 and 300 l h -1 , respectively. MS/MS spectra were taken on a Waters/Micromass (Manchester, UK) Q-tof Premier mass spectrometer (software MassLynx V4.1, Manchester, UK). The sample solutions were infused into the ESI source by a syringe pump at a flow rate of 5 mL min -1 . The electrospray voltage was 2.7 kV and the cone voltage -30 V. The source temperature was 80 o C and the desolvation temperature was 250 o C. Nitrogen was used as the cone gas and desolvating gas at the flow-rates of 50 and 800 L h -1 , respectively. Argon was used as a collision gas at the flow-rate 0.5 mL min -1 in the collision cell. Collision energy, the most important parameter for MS/ MS experiments, was 5-30 eV.
Results and discussion
A large number of ESI mass spectra was obtained (at different ligand and metal concentration and different cone voltages), obviously only representative examples will be shown and discussed. At first, the complexes detected for solutions containing CuCl 2 and ligand at the same concentrations (2×10 -5 mol dm -3 ) will be discussed and then the complexes detected for solutions containing excess of copper (ligand concentration 2×10
-5 mol dm -3 , CuCl 2 concentration 6×10 -5 mol dm -3 ). When analyzed solutions contained less CuCl 2 than ligand, the complexes were characterized by very low abundances.
Solutions containing equal copper and ligand concentrations
For a solution containing copper and ligand at the same concentrations the most abundant ions corresponded to the protonated ligand molecules (Fig. 1 as an adduct between [L+CuCl] + and L molecule (the second L molecule is loosely bound).
The complexes detected for solution containing copper and ligand at the same concentrations are rather simple and it does not seem to be necessary to discuss them in detail, e.g. their structures. More interesting complexes were detected for the solutions containing excess of copper.
Solutions containing excess of copper
For the solution containing excess of copper the most abundant were doubly charged ions [L+Cu 2 Cl 2 ] 2+ (Fig. 4) The characteristic isotopic patterns confirmed the compositions of the ions (Fig. 5) 2+ there is only one logical structure, shown in Scheme 4. Two "central" copper cations are bridged by two chlorides and each of the copper cation has the coordination number of 4.
More difficult is to propose the structure of ions [L 2 +Cu 3 Cl 4 ]
2+ . There are two most logical possibilities, a and b, Scheme 5. Structure b seems to be less favoured since it contains Cu(II) strongly coordinated by two bipy units and similar complexes were not detected for solution containing copper and ligand at the same concentrations. Structure a seems to be more probable, it can be formed from ions [L 2 +Cu 4 Cl 6 ] 2+ by loss of CuCl 2 molecule. The CID MS/MS spectra of ions [L 2 +Cu 4 Cl 6 ] 2+ confirmed it. As shown in Fig. 6 2+ were determined, as shown in Scheme 6, which is in agreement with the proposed structures of the ions discussed.
Conclusions
The ligands containing two bipy units, namely 3,5-bis(2,2-bipyridin-4-ylethynyl)benzoic acid (1) and its esters (2, 3) are able to form a number of complexes .
